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1 
This invention relates fo the emulsion poly- 
merization of polFmerizable organic compounds. 
In one aspect it relates to the termination of the 
polFmerization reaction when the desired con- 
version has been reached bF the use of novel 5 
shortstopping agents. In one specific embodiment 
if relates to the copolFmerization of butadiene and 
another comonomer copolFmerizable therewith in 
an aqueous emulsion. 
In the emulsion polFmerization of monomeric 10 
materials, especiallF a butadiene-styrene mixture 
and similar comonomer sFstems, it is generallF 
desirable to halt the reaction when a predeter- 
mined degree ofconversion has been obtained. 
Such temination of the polFmerization is usuallF 15 
effected bF substances known as shortstopping 
agents, introduced into the reaction mixture when 
the desired conversion of monomers has been 
reached. 
Among the shortstopping agents emploFed in 20 
the past, hFdroquinone and sodium sulfide are 
widelF known. However, the emploFment of these 
substances in emulsion polFmerization reactions 
leads fo manF difficulties.. Sodium sulfide 
pregnates the polFmer with hFdrogen sulfide, 25 
therebF rendering if undesirable because of a 
disagreeable odor. HFdroquinone imparts a 
brown color to the product which is often un- 
desirable when white or lfght colored rubbers are 
to be manufactured. Furthermore the toxic 
properties of both sodium sulfide and hydro- 30 
quinone give fise to a serious problem in the dis- 
posal of the serum residues after removal of the 
polFmer. 
We have now round that N-substituted dithio- 
carbamates are effectiveshortstopping agents for 35 
emulsion polymerization reactions, and that when 
these substances are employed» substantially im- 
proved properties are obtained in the polymers 
produced. The shortstopping agents of out in- 
vention comprise compounds of the formula 40 

/ 

wherein 

is a primary or secondary amine grouP, in which 
each I may be he saine or different or may be 
comprised in a ring structure, and M is a metal, 55 

2 
or ammonium, or a substituted àmmonium group, 
typified by morpholine morpholyldithionate 
Ct2CtO CtCtN---- S --Nt2CtCt O Ct2Ct2 
cyclohexyl sodium dithiocarbamate 
s 
C H( C H)t--C HNH  --SNa 
diethanol sodium dithiocarbamate 
undtheke. enis u metul, it rouf be a 
monovulent or a polyvalent metul.  some in- 
stunces fuvoruble effects on the ul product 
rouf result if M is ammoum, copper or iron. If 
is prefeed thut M be un ulku metul or a sub- 
stituted ammonium group. 
One object of this invention is fo polymerize 
unsuturuted orguc compounds. 
other object of ts invention is fo produce 
un improved synthetic bber. 
A further objec of ts invention is fo stop un 
uqueous polymerizaion. 
S11 unother objec of ts invention is fo poly- 
merize hydrocurbons and produce un uncolored, 
rubbe polymer. 
 uddionul objec of out invention is fo 
polymeze dioles in aqueo emuion und 
comPletely stop the polymerizution ut uny desired 
extent of conversion. 
A sri11 furer object of out invention is fo 
polymefize unsaturuted hydrocurbons in aqueous 
emulsion und qckly Stop the polymerizution ut 
uny desired extent of conversion. 
Other objec and advuntug of this invention 
will become uppurent, fo one sMlled in the art, 
from e uccompunying sclosure und scsion. 
In the well own techque for the production 
of conventionul buaene,styrene rubber, an 
45 emuion is prepured by stuble ugitution of the 
following recipe: 
Butuene _z ....................... pús-- 75 
Styrene ............................ do .... 25 
Soap .............................. do .... 5 
50 Potaium persuffute ............... do .... 0.3 
Water ............................. do .... 180 
Mercaptan _= ........................ Variable 
(Usuay ubou 6.05 fo 1.4. pu) 
Polymezation is effcéd af a gemperature of 
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bout 50 ° c. or approximately twelve hours,, or 
until a conversion of about 75 per cent is obtained. 
In general, if is hot desirable fo continue the poly- 
merization much beyond this poin% due to the 
tendency for cross linking between the polymer 
units and consequent gel îormation as the modi- 
ying agent (mercaptan) is depleted. Also, in 
the later stages of the reaction, the rate oî poly- 
merization is reduced to such a degree that higher 
conversions may be mdesirable from a purely 
economic viewpoint. Obviously, um'eacted mon- 
omers are present in the reaction mixture at any 
rime prevous fo complete conversion. To privent 
their continuing interaction beyond a predeter- 
mined stage, shortstopping agents are added when 
if is desired fo halt the reaction. The substances 
employed for this purpose are generally reducing 
agents and in addition fo their shortstopping 
action, serve as stabilizers by destroying any per- 
oxide-type materials which may be present, and 
which, iï permitted fo ïemain, lead to cross link- 
age and deterioration of the potymer. The short- 
stopping agents are added fo the mixture when 
the desired degree oï convers.ton bas been ob- 
tained and to secure their uniform action suitable 
means must be employed fo obtan thorough dis- 
persion throughout the reaction system. 
The N-substituted dithiocarbamates employed 
in our process comprise the salts of N-substituted 
dithiocarbamic acids. Since dithiocarbamic 
acids in general are unstab!e substances, these 
products are necessarily prepared by indirect 
means, usually rom the interaction of primary 
and secondary amines with carbon disulfide to 
provide the substituted ammonium dithiocar- 
bamates, and subsequent treatment with a metal 
hydroxide to produce metal salts. In a copend- 
ing application by Vv'. W. Crouch, Serial I7o. 
770,526, filed August 25, 1947, now Patent No. 
2,563,007, a methcd is disclosed for the produc- 
tion of the alkali ruerai salts o N-substituted 
dithiocarbamic acids whereby the reactions are 
conducted concurrently in specific types of sol- 
vent media. 
Since the said dithiocarbamates are, in general, 
water soluble, they can be conveniently intro- 
duced in water solution. In some instances the 
solubility of the substituted ammoniun salt is 
relatively low and in such cases the correspond- 
ing alkali metal salt may be preferred. 
The monomeric material polymerized to pro- 
duce polymers by the process of this invention 
comprises unsaturated hydrocarbon compounds 
which generally contain the characteristic 
structm'e CHC< and, in most cases, have at 
least one of the disconnected valencies attached 
to an electronegative group, that is, a group 
which increases the polar characteï of the mole- 
cule such as an organic group containing a double 
or triple bond such as vinyl, phenyl, or the like. 
Included in-this class of monomers are the con- 
jugated :butadienes, or 1,3-butadienes such as 
butadiene (1,S-butadiene), 2,3-dimethyl-l,S-bu- 
tadiene,isoprene, piperylene, and the like; aryl 
olefins such as styrene, various alkyl, styrenes, 
alphamethyl styrene, vinyl naphthalene and simi- 
lar derivatives.thereof, and the like; vinylacetyl- 
ene, and other unsatm'ated hydrocarbons o£ the 
types described. Such unsaturated compounds 
may-be polymerized alone, in which case simple 
linear--polymers are formed, or mixtures of two or 
more of such compounds which are. copolymeriz- 
«ble with each otherin aqueous emulsion may be 
polymerized fo form linear copo]ymers. 
The process of this invention is particularly 

effective when the monomeric material poly- 
merized is a polymerizable aliphatic conjugated 
diolefin or a mixture of such a conjugated diole- 
fin with lesser amounts of one or more other com- 
5 pounds containing an active CH2:C group 
which are copolymerizable therewith such as 
aryl olefins, and similar compounds mentioned 
hereinabove. In this case the products of the 
polymerization are high molecu!ar weight linear 
]0 polymers and copolymers which aie rubbery in 
character and corne within the term synthetic 
rubber. Although, as can be readily deduced 
from the foregoing, there is a host of possible 
reactants, the most readily and commercially 
15 available monomers at present are butadiene it- 
self (1,3-butadiene) and styrene. The invention 
wfll, therefore, be more particularly discussed and 
exemplified with reference to these typical re- 
actants. 
20 When operating according to the method oï 
this invention temperatures may range from 
about --30 to about 70 ° C. with temperatures 
from about 0 to about 50 ° C. usually preferred. 
Obvious]y when polymerizations are cari'ied out 
25 in aqueous emulsion in the absence of freezing 
point depressnts, temperatures below the freez- 
ing point of water cannot be employed. The use 
of various additive agents, however, makes a 
process of the type disclosed herein applicable, at 
30 lower temperatures. An example of such a low 
temperature system is a glycerin-water solUtion, 
and the terre "aqueous emulsion" should .be con- 
strued to include the use of an aqueous medium 
comprising water and a sufficient amount of a 
5 water-soluble component, preferably organic, to 
lower the freezing point below the desired poly- 
merization temperature, whettier or hot the ac- 
tual polymerization temperature is above or be- 
low 0 ° C. If is generally preferred that the emul- 
40 sion be of an "off in water" type, with the ratio of 
aqueous medium to monomeric material between 
about 0.5: i and about 5; t, preferably about 1.5:1 
and about 2.75:1, in parts by weight. At low 
ratios the emulsions tend to bave high viscosities 
and at high ratios the yield per unit volume of 
45 reactor per unit of rime is low. In the practice 
of the invention suitable means will be necessary 
to establish and mainPain an emuision and to 
remove reaction heat to maintain a desired re- 
action temperature. The polymerization may be 
50 conducted in batches, semicontinuously, or con- 
tinuously. The total pressure on the reactants is 
preferably at least as great as the total vapor 
pressure of the mixture, so that the initial re- 
actants will be present in liquid phase. 
55 
In addition to providing effective shortstopping 
action, the present invention has the very signifi- 
cant advantage of providing polymers .that are 
substantially show white. Products prepared in 
this manner are thus particularly adapted for use 
60 in the manufacture of white and light colored 
synthetic rubbers. A further advantage lies in 
the fact that the dithiocarbamate salts employed 
in our process are substantially non-toxic thus 
65 eliminating problerns often inherent in the dis- 
posal of serum residues. A still further advan- 
rage of our invention lies in the substantially 
odor free polymers produced thereby, 
The proportion of out N-substituted dithiocar- 
70 bamates employed for halting the polymeriza- 
tion will be between about 0.t and about 1.0 per 
cent by weight, of the original monomeric mate- 
rial, preferably about 0.15 to about.0,4 .per cent. 
Uniorm dispersion through, the system my be 
7 effected by introduction of the desirèd amount in 
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water solution whfle the polymerization mixture 
is suitably agitated. The shortstopping agents 
of this invention may be used when any of the 
usual polymerization catalysts for such reactions 
are employed, and they are particularly effective 
when oxidizing catalysts, such as potassium per- 
sulfate, and reducing-oxidizing compositions 
known as "redox" catalysts, are employed. 
Advantages of this invention are illustrated by 
.the following examples. The reactants, and their 
proportions, and the other specific ingredients of 
the rècipes, are presented as being typical and 
should not be construed to limit the invention 
unduly. 
Example I 
A polymerization mixture was prepared em- 
ploying the following recipe: 
Parts 
Butadiene .............................. 75 
Styrene ................................. 25 
Soap ................................... 5 
Potassium persulfate ..................... 0.3 
Water .................................. 180 
Mercaptan (DDM) ....................... 0.4 

The mixture was charged to a polymerization 
reactor and agitated ai a temPerature of 50 ° C. 
for ten hours. A sample was removed and tested 
for degree of conversion and intrinsic viscosity. 
A shortstopping agent comprising 0.2 part of 
piperidinium, pentamethylene dithiocarbamate, 

S 
CH2( CH2)4N----S--NH2(CH2)4CH 

15 

- Example. III 
The run oï Example I was repeated .using,0.2 
part of beta-hydroxyethyl .ammoniùm :betahy 
droxyethyl dithiocarbamate, . .- ...... . 
HO C HC HNH --SNH3C H2C HO H 
as shortstop, with the ïollowing results: 

I Tlme Conversion Intrlnsic 
(Hrs.) (Per Cent) Viscosity 
66.7 I 2.18 

Benzene 
Solubilit y, 
Per Cent 

100 
100.. 

" Example IV ' 

3o 

35 

was added fo the mixture, which was then 
agitated for seven i hours after which tests were 
 again made for degree of conversion and in- 40 
trinsic viscosity. Results of the tests were as 
follows: 

Time Conversion Intrlnsic Benzene 
Solubilit y, 
(Hrs.) (Per Cent) Vlscosity Per Cent 

10 63.6 1.86 100 
17 63. 6 2.00 100 

Example II 
The run oï Example I was repeated, employing 
0.2 part oï morpholine morpholyl dithionate, 

S 
CH2CH20 CH2C HN----S--NHCHCHO CHCH2 

as the shortstopping agent. The results ob- 
tained are shown below: 

Tlme Conversion Intrlnsic Benzene 
Solubllity, 
(Hrs.) (Per Cent) Vlscosity Per Cent 

10 65.1 1.98 100 , 
17 65.1 1.96 100 

1The shortstopping action was, of course, immediate. 
The purpose of the seven hour agitation was to demon- 
strate experimentally the completeness of the shortstop- 
ping action, and would hot be required in commercial 
operation. 

Conversion 
(Per Cent) 
66. 3 
65.9 

r s c So b 
- . lu ilRy, . 
r,comty Per Cent .... 
2.18 100 " " 

45 

Example V 
The run. of Example IV was repeaed with a 
shortstop .comprising 0.2 part sodium cYClohexyl 
dithiocarbamate. The results are shown below: 

Time Conversion .Intrinsic Benzene 
Solubflity,, 
(Hrs.) (Per Cent) VseOsity Per Cent. 

 I0 61,9 1.88 I00  . 
17 61.7 1.94 I00 

Example VI 
The run of Example I was carried out Cm- 
50 ploying 0.2 part of the reaction product of ethyl- 
ene diamine with carbon disulfide as hortstop. 
The results are shown below: 
Time Conversion Intrinsic Benzene 
Solubility, 
55 (Hrs.) (Per Cent) Viseosity Per Cept   
I0 59. I I. 98 I00 " " 

60 Example 

7O 

The run of Example I was repeated using 0.2 
part of sodium morpholyl dithionate, 
S 
CHCH20 CHCHN----SN " . 
as the shortstop. The results were as follows: 

Tlme Conversion Intrinsic Benzene 
(Hrs.) (Per Cent) Viscosity Solubflity, 
Per Cent 

75 

10 62,7 1.73 100 
17 61, 0 1.79 100 
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Exa7npIc VIII 
 The run of Example ¥II was repeated using two 
Rolymerization.mixtures and 0,15 part of sodium 
morRholyt dithionate as shortstop, The resuIts 
are shown below, 

Time 
Eun No. (Hrs.) 

{ 10 
I... 17 
{ 

Converslon Benzene 
8Olllbil[£y 
(Per Cent) (per cent) 
66. 9 I0 
66. 9 
68.1 
68.3 1 

As wiH be evident to those skilled in the art, 15 
various modifications of. this invention can be 
ruade, or foltowed, in the light of the foregoing 
disclosure and discussion/without departing from 
the spirit or score of the disclosure or from the 
score of the claims.. 20 
We claire:: 
1. In the production of a synthetic rubber by 
copolymerization in aqueous emulsion of a mono- 
meric material comprising a major portion of 
butadiene and a minor portion of styrene using 
a mercaptan as a polymer modifier and potas- 
sium persulfate as reaction activator, the im- 
provement which comprises adding te the react- 
ing mixture, when a desired extent of conversion 
betwee n 50 and 80 per cent conversion has been 30 
attained, a compound of the formula 
S 
RN----SM 
wherein R2N-- is of the group consisting oÎ pri- 
mary and secondary amine groups and M is a 
monovalent radical of the group consisting oÎ 
alkali metal, ammonium, and subsituted am- 
monium radicals, in an amount between 0.i and 
0.4 per cent by veight of said monomeric ma- 40 
terial to stop said copolymerization. 
2. The improvement of claim 1 wherein said 
comRound is a salt of an alkali metal. 
3. The improvement of claire 1 wherein said 
compound is a sait of a basic carbon-containing 
nitrogen compound. 45 
4. The improvement of claim 1 wherein said 
compound is sodium morpholyI dithionate. 
5. The improvement of claim i wherein said 
compound is soditun cyclohexyI dithiocarbamate. 
6. In the polymerization of an unsaturated hy- 5O 
drocarbon monomeric materiaI comprising a 
major amount of a conjugated diolefin having 
four to six caïbon atoms per motecule in aqueous 
emulsion, wherein the. polymerization reaction is 
stopped prior to complete polymerization of said 
monomeric materiaI by the addition of a short- 
stopping agent, the improvement which com- 
prises adding to the reacting mixture a com- 
pound of the formula 
60 
s. 
wherein IN-- is of the group consisting of Rri- 
mary and secondary amine groups and M is a 
monovalent radical of the group consisting of 65 
alkali metal, ammonium, and substituted am- 
monium radicals, in an amount between 0.1 and 
1.0 per cent by weight of said monomeric ma- 
teriaI te stop said polymerization. 
7. The improvement of claim 6 wherein said 70 
compound is a sait of an alkali metoE1. 

8 
8. The improvement of claim 6 wherein said 
compound is a sait of a basic nitrogen compound. 
9. The improvement of claim 6 wherein said 
compound is sodium morpholyI dithionate. 
5 10. The improvement of claim 6 wherein said 
compound is sodium cyclohexyI dithiocarbamate. 
11. In the production of a synthetic rubber by 
polymerization in aqueous emulsion of a mono- 
meric materiaI comprising a major portion of 
10 butadiene and a minor portion of styrene using 
a mercaptan as a polymer modifier and an oxidiz- 
ing catalyst, the improvement which comprises 
adding to the reacting mixture, when between 50 
and 80 per cent of said monomeric materiaI is 
polymelized, beta-hydroxyethyI ammonium beta- 
hydroxyethyI dithiocarbamate in an amount be- 
tween 0.1 and 12 per cent by weight of said 
monomeric material as a shortstopping agent, 
thereby stopping said polymerization. 
12. In the production of a synthetic rubber by 
po]ymerization in aqueous emulsion of a mono- 
meric material comprising a major portion of 
butadiene and a minor portion of styrene using 
a mercaptan as a polymer modifier and an oxi- 
25 dizing catalyst, the improvement which com- 
prises adding fo the reacting mixture, when be- 
tween 50 and 80 per cent of said monomeric ma- 
triaI is polymerized, a compound of the formula 
S 
RN--C--SM 
wherein I2N-- is of the group consisting of pri- 
mary and secondary amine groups and M is a 
monovalent radical of the group consisting of 
alkali metaI, ammonium, and substituted am- 
35 monium radicals, in an amount between 0.1 and 
1.0 per cent by weight of said monomeric ma- 
teriaI to stop said polymerizEtion. 
13. In the polymerization of an unsaturated 
hydrocarbon monomeric material comprising a 
major amount of a conjugated diolefin having 
four te six carbon atoms per molecule in aqueous 
emulsion in the presence of a mercaptan as a 
polymerization modifier and in the presence of 
an oxidizing catalyst, wherein the potymeriza- 
tion reaction is stopped prior to complete poly- 
merization of said monomeric materiat by the 
addition of a shortstopping agent, the improve- 
ment which comprises adding fo the reacting 
mixture a compound of the formula 
S 
--s 
wherein R¢N-- is of the group consisting of pri- 
mary and secondary amine groups and M is a 
monovalent radical of the group consisting of 
55 a!kali metal, ammonium, and substituted am- 
moniuln radicals, in an amount between 0.1 and 
1.0 per cent by weight of said monomeric ma- 
teriaI to stop said polymerization. 
WILLIE W. CROUCH. 
\VALTEI% A. SC_II7LZE. 
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